The objectives of this study were to correlate reticulocyte Hemoglobin Content (CHr) with Hemoglobin (Hb), ferritin, and Transferrin Saturation (TSAT) in Patients on Hemodialysis (HD) and to determine the Hb response with intravenous iron supplementation in anemic HD patients with adequate ferritin and TSAT yet low CHr. Methods: This was a prospective, randomized controlled trial involving patients on HD. Patients with baseline results that fulfilled the randomization criteria (CHr < 29 pg, Hb < 9.5 g/dL, ferritin > 400 ng/mL and/or TSAT > 20%) were then randomized to group A and B. Group A patients received a total of 1 g of intravenous iron and group B served as the control. Results: One hundred and twenty -one patients were enrolled in this study. There was a significant correlation between CHr and TSAT, ferritin, and Hb. A total of 12 patients were randomized to group A and B. There was a significant increase in Hb level observed in group A with median change from baseline of 1g/dL (IQR: -0.5 to 2.8) at the end of the trial compared to the control group. Conclusions: There was a significant correlation between CHr, Hb, ferritin, and TSAT. Intravenous iron supplement improved Hb level in patients on HD with adequate serum ferritin and/or TSAT levels yet low CHr.
Background
Management of anemia in patients on hemodialysis (HD) could be achieved with close monitoring of iron status and effective treatment of iron deficiency (1) . Iron Deficiency Anemia (IDA) is one of the major inhibiting factors for recombinant Human Erythropoietin (rHuEPO) response in chronic HD patients (2) . The common tests used to assess iron deficiency are serum ferritin and Transferrin Saturation (TSAT) (3) . However, they are indirect markers that are influenced by physiological or inflammatory conditions (4) . Serum ferritin is less than ideal for determining iron deficiency because it is an acute phase reactant and there are gender differences (normally lower in females). It is raised in inflammatory, infectious diseases, and malignancies. Furthermore, TSAT has acutephase reactivity as transferrin may be elevated in the setting of inflammation, which would lower the TSAT if circulating iron is constant. Malnutrition and chronic disease will cause low transferrin level due to decreased synthesis. There is also significant (17 to 70%) diurnal fluctuation in TSAT that results in difficulty in its interpretation (5) . Thus, the best investigation for iron status in this setting would be a test that directly measures iron at the level of erythrocyte or one of its precursors (6) . This study investigated the role of reticulocyte Hemoglobin Content (CHr) in the management of IDA in HD patients.
Reticulocytes are the youngest erythrocytes released from the bone marrow to circulating blood. They mature in 1 to 3 days within the bone marrow and circulate for 1 to 2 days before maturing to erythrocytes. Hemoglobin Content provides an indirect measure of the functional iron available for new red blood cell production over the previous 3 to 4 days. Measurement of CHr in peripheral blood samples is useful for diagnosis of iron deficiency in adults (7) . It provides an early measure of response to the iron therapy, increasing within 2 to 4 days of the initiation of intravenous iron (8) . A study from Turkey on the clinical significance of CHr in diagnosis of IDA demonstrated that CHr is a useful parameter that can be confidently used in the diagnosis of IDA, and the CHr cut -off value of 29 pg predicts IDA (9) . The diagnostic performance of CHr in identifying the iron -deficient state was compared with traditional pa-Copyright © 2018, Nephro-Urology Monthly. This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/) which permits copy and redistribute the material just in noncommercial usages, provided the original work is properly cited rameters for iron deficiency (serum iron < 40 g/dL, TSAT < 20%, ferritin < 100 ng/mL, and hemoglobin < 11 g/dL). By using a CHr cut -off level of 27.2 pg, iron deficiency could be diagnosed with a sensitivity of 93.3% and a specificity of 83.2% (10) .
The primary objective of this study was to correlate CHr with Hemoglobin (Hb), serum ferritin, and TSAT in patients on HD. The secondary objective was to determine the Hb response with intravenous iron supplementations in patients on HD with adequate serum ferritin and/or TSAT level yet low CHr.
Methods

Study Population and Design
This was a prospective, randomized controlled study conducted at University Kebangsaan Malaysia Medical Centre from October 2014 to May 2015. The study was approved by the Ethics and Research Committee (Code Project FF -2014 -347). Patients on HD for more than 3 months and on stable oral/intravenous iron supplement and/or erythropoietin stimulating agent were eligible for this study. The researchers excluded patients with recent gastrointestinal bleeding within the previous 6 weeks, pregnant/lactating females, patients, who received blood transfusion within the last 3 months, and patients with clinical evidence of inflammatory/infectious disease or malignancy and history of hemoglobinopathy.
Informed consent was obtained prior to any study related procedures. Full history and basic data were taken from the patients, including age, gender, race, duration of dialysis and pre -morbid illness. Full blood count, CHr, serum ferritin, and TSAT were measured in all patients. Once the results were obtained, patients with Hb < 9.5 g/dL and CHr < 29 pg with serum ferritin ≥ 400 ng/mL and/or TSAT > 20% and on stable erythropoietin therapy were randomization to 2 groups, group A and B. Patients were randomized using a block of 4 randomization methods. Group A patients were treated with a total of 1 gm of intravenous iron (100 mg per HD session for 10 sessions) and group B patients served as the control group. The baseline dose of oral iron and erythropoiesis stimulating agents were maintained in both groups. Blood investigations were repeated at the end of 6 weeks in both groups.
Statistical Analysis
Sample size was calculated using Everard's calculation and 112 patients were needed for a power of 80% and confidence interval of 95%. To provide a slight margin of error given the possibility of subject attrition, or target recruitment was 120 patients. The data was analyzed using the Statistical Package for Social Sciences (SPSS) version 21.0. Qualitative and quantitative demographic data were summarized and data were tabulated. Results are presented in tabulated and graphic format. Data are expressed as mean ± Standard Deviation (SD), median (interquartile range of 25th centile to 75th centile), and percentage. Discrete variables were analyzed using a chi -square test and continuous variables, which were normally distributed, were analyzed using independent student t -test. The nonnormally distributed data were analyzed using the Mann -Whitney U test. Data correlation testing was achieved by Spearman or Pearson correlation test. Any test with P value of < 0.05 was statistically significant.
Results
A total of 180 patients were screened and 121 patients, who met the inclusion criteria, were recruited in this study. All patients were given detailed explanation of the study prior to recruitment and informed consent were obtained prior to study-related procedures.
The study patients consisted of 79 (65.3%) Malays, 33 (27.3%) Chinese, and 9 (7.4%) Indians. Seventy -two were males and 49 females. Mean age for the study population was 54.2 ± 14.5 years and median duration of HD in the study population was 3 (2 to 6) years. Among the patients, 71 (58.7%) had diabetes, 102 (84.3%) hypertension, and 12 (10.1%) glomerulonephritis. The baseline laboratory parameters are tabulated in Table 1 . The CHr showed a significant correlation with Hb (p = 0.0001, r = 0.3), TSAT (p = 0.001, r = 0.3), and ferritin levels (p = 0.001, r = 0.3). Only 12 patients fulfilled the criteria for randomization (Hb < 9.5 g/dL and CHr < 29 pg with serum ferritin ≥ 400 ng/mL and/or TSAT > 20% and stable erythropoietin therapy). Their clinical and laboratory parameters at baseline and end of the study are tabulated in Table 2 . The researchers also analyzed the laboratory parameter changes from baseline (CFM) in each group (Table 3) .
Discussion
Anemia in End Stage Renal Disease (ESRD) is a chronic disorder and related to severe complications in patients on HD. In Malaysia it has been reported that up to 88% of the dialysis population receive either oral iron or parenteral iron therapy for treatment of IDA (11) . From this report 66% of patients on HD from Malaysia achieved the ferritin target of > 200ng/mL (median ferritin of hemodialysis patient was 500 ng/mL) and 74% had a mean hemoglobin of 11.4 g/dL (11) . The commonly used indicators for detecting iron deficiency anemia in HD patient are TSAT and ferritin (12) . However, it is well established that specificity and sensitivity of serum ferritin level may be reduced due to inflammation, infection, malnutrition or malignancy (13) . One of the potentially more accurate tests is reticulocyte Hemoglobin Content (CHr) and was found to be a good test to guide in iron management. In the current study, the researchers evaluated the role of CHr in patients on HD for determining iron deficiency and demonstrating the response of the rise in hemoglobin, when patients with adequate serum ferritin and/or TSAT yet low CHr are given intravenous iron.
Reticulocyte Hemoglobin Content was proven to be related to changes of iron and ferritin level, especially in patients on HD. In the current study, CHr was shown to be correlated with Hb, TSAT, and ferritin. Brugnara and Saito in their studies revealed similar correlations of CHr with iron, ferritin, and TSAT (8, 14) . Many studies revealed that low CHr in IDA was associated with low level of iron, ferritin, and TSAT (15). With a good correlation of CHr with IDA indices, CHr will be an important marker to identify iron deficiency, especially in patients on HD with malnutrition and infection. It is well -known that serum ferritin and TSAT are acute phase reactants and will be raised in patients with infection or inflammation (5) . Thus, by utilizing CHr in detection of IDA, management and treatment of anemia in patients on HD would be more accurate and effective.
In this study, the researchers analyzed the effect of intravenous iron supplementation given to patients on HD with low CHr yet adequate ferritin and TSAT. There were no significant differences in patients, who received intravenous iron and the control group at baseline and end of the study. Nevertheless, by analyzing changes from baseline, the researchers noticed that patients, who received intravenous iron had increment of 1.0 g/dL (IQR: -0.5 to 2.8) (p = 0.025) in Hb.
Adhikary demonstrated the efficacy of intravenous iron compared to oral iron, proven to be effective in increment of hemoglobin level in patients with low TSAT and ferritin level (16) . Another trial by Chaim Charytan found that when 1 gm of intravenous iron sucrose was administered in 10 divided doses to hemodialysis patient with TSAT less than 20% and ferritin less than 300 ng/mL, there was increment in hemoglobin (17) .
The current study was different from previous studies, as the patients were treated with apparently adequate iron status (serum ferritin ≥ 400 ng/mL and/ or TSAT > 20%) with intravenous iron. Although these patients had apparently adequate iron status, they demonstrated an increment of 1 g/dl in Hb with intravenous iron treatment in 6 weeks. As widely accepted, 1 g/dL Hb increment has an important clinical significance in patients with HD. This finding established the role of CHr in the management of iron deficiency anemia in patients with HD. Furthermore, CHr indirectly helps in reducing the cost of the erythopoeitin stimulating agent treatment in HD patients by detecting accurately the patient who had IDA even with adequate TSAT and ferritin level. This is supported by a publication which showed that CHr proven to be economical favourable by reducing the need of erythropoietin therapy. Sunder -Plassmann found that high -dose intravenous iron therapy guided by CHr level dramatically reduced the weekly rHuEpo requirement by 70% of the initial dose (18) .
The authors strongly suggest that CHr should be a routine investigation for IDA in patients on HD. The use of CHr can not only improve the clinical outcome but also potentially reduce the cost of erythropoietin treatment.
Conclusion
This study showed the significant correlation of CHr with Hb, serum ferritin, and TSAT. Furthermore, improvement in Hb level was indicated in anemic HD patients, who had adequate serum ferritin and TSAT, yet low CHr was seen in patients, who received intravenous iron therapy. 
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